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摘  要 
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一、利用骨架修饰提高 G-四聚体 DNAzyme 的催化活性。 
本文在第二章以 G-四聚体过氧化物模拟脱氧核酶（Peroxidase Mimicking 
DNAzyme）为模型，考察了四种骨架修饰（L-型 DNA、硫代修饰、2-氧-甲基
修饰以及锁核酸修饰）对 G-四聚体 DNAzyme 的过氧化物酶催化活性、结构、
热稳定性以及 G-四聚体与 Hemin 之间的亲和力的影响。G-四聚体 DNAzyme 具
有催化底物显色或化学发光的功能，近年来在生物医学研究及检测领域显示独特
的应用优势。因此，找到更加稳定、催化活性更高的 G-四聚体 DNAzyme 无疑
具有重大的意义。本文的研究结果表明，骨架修饰会影响 G-四聚体 DNAzyme
的拓扑结构，进而改变其催化活性。更重要的是，本研究发现 2-氧-甲基修饰能





新方法。传统的 SELEX（Systematic Evolution of Ligands by Exponential 
Enrichment）技术需要经过漫长的 8-20 轮的筛选才可获得核酸适配体，筛选操作














摘  要 
II 






球表面，并通过核酸展示微球与过表达 EpCAM 蛋白（Epithelial Cell Adhesion 





















Functional nucleic acids (FNAs) with high diversities and biological functions 
have been widely used in chemistry, biology, bio-medicine and nano-technology. 
Through strategically chemical modification, functional nucleic acids can meet a 
variety of typical experimental needs and adapt a wider range of practical applications. 
Meanwhile, the development of more economical and efficient SELEX (System 
evolution of ligands by exponential enrichment) technology is still in great demand 
for artificially in vitro screening and evolution of functional nucleic acids. 
Based on the above two aspects, this thesis firstly investigated the effects of 
nucleic acid backbone modifications on the catalytic activity of G-quadruplex based 
DNAzyme, and secondly established BEAMing surface display technology for rapid 
selection of aptamer. 
(1) Backbone modification promotes peroxidase activity of G-quadruplex based 
DNAzyme. 
In the second chapter we investigated how backbone chemical modifications, 
including L-DNA, phosphorothioate, 2′-O-methyl, and locked nucleic acid, on 
G-quadruplex based DNAzymes would affect their peroxidase activities, structural 
and thermal stabilities, as well as their binding affinity with hemin. 
G-quadruplex-hemin based peroxidase mimicking DNAzymes with chromogenic or 
chemiluminescent functions have been applied widely in biomedical research and 
analysts. Therefore, strategies to improve the structural stability of G-quadruplexes 
and enhance their catalytic activity have considerable significance. The results of this 
work indicated that backbone modifications strongly influenced the overall topology 
of nucleic acids, therefore changed the catalytic activity.of G-quadruplex DNAzymes. 
More importantly, 2-OMe-RNA modification was found to yield fine-tuned parallel 
G-quadruplexes which showed greatly increased peroxidase activity. This research 















catalytic activity of artificial peroxidase mimicking DNAzymes. 
(2) BEAMing surface display technology for aptamer selection. 
Chapter Three established BEAMing surface display technology for rapid 
screening of aptamer. Traditional SELEX methods need to go through 8-20 rounds of 
selection in order to obtain aptamers, and the cloning and sequencing process after the 
screening is very complicated and time-consuming. What is more, regular PCR 
amplification in bulk solution will generate PCR bias as well as non-specific products 
which seriously interfere with the selection process. Droplet PCR has the advantages 
of high throughput, easily preparation, small amounts of sample needs, no 
non-specific amplification and PCR "discrimination". More importantly, BEAMing 
technology based on droplet PCR can recovery PCR products in each droplet on the 
microsphere surface, achieved the nucleic acid display of monoclonal sequence. In 
Chapter Three, we successfully completed BEAMing PCR in water in oil droplets 
which containing forward primer-linked agarose beads and PCR template at single 
molecular level, and realized a monoclonal nucleic acid display on the surface of 
microspheres of the selection library. This nucleic acid display were incubated with 
human gastric cancer cells KATO III which over express EpCAM protein (Epithelial 
Cell Adhesion Molecule). Those microspheres with high binding affinity were picked 
out directly and the nucleic acids on the beads were sequenced. The method skipped 
the cumbersome cloning and sequencing steps of the enriched oligonucleotide library 
in traditional screening methods, opening up a shortcut for future more accurate, 
efficient and affordable access to functional nucleic acids. 
















第一章  绪论 
1 
第一章  绪论 
1.1 功能核酸简介及其应用 




功能的单链 DNA 和 RNA 分子称为“功能核酸”（Functional Nucleic Acids, 
FNAs）[1, 2]，包括：核酸适配体（Aptamer）——能够与配体结合的单链寡核苷
酸；核酸类酶（Nucleic Acid Enzyme, NAE）——具有催化活性的核酸，包括核
糖核酶（Ribozyme）和脱氧核酶（DNAzyme）；以及变构核酸酶（Allosteric Nucleic 
Acid Enzyme 或 Aptazyme）——同时具有与配体结合和催化两种功能单元的 
ssDNA 和 RNA[1]。自上世纪 80 年代初期 Thomas Cech 和 Sidney Altman 发
现第一个具有催化活性的 RNA[3]，引发了一场酶学革命，到  1990 年 Larry 
Gold、Jack Szostak 及  Gerald Joyce 发展体外指数富集配体系统进化技术
（Systematic Evolution of Ligands by Exponential Enrichment，SELEX）[4]，至今
已经诞生了多种人工筛选合成的功能核酸。 
经历近三十年的发展，功能核酸作为一种分子工具已被广泛应用于化学、生
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